Specific formulations are derived for the correlation between the heterozygosity of a randomly mating parent and its offspring for a diallelic locus, and for the correlation when multiple loci are considered. The expected correlation is maximal, approaching r = 0.50, when allelic frequencies are highly asymmetric, and it is zero when the allelic frequencies are equal to 0.50. Parent-offspring correlations, up to a maximum of 0.50 for diallelic loci, indicate that levels of heterozygosity can respond to selection. Multilocus allozyme data from limber pine, Pinus flexilis, and from horses of standardbred and thoroughbred breeds are used to demonstrate correlations between a parent and its offspring. The Spearman rank correlation between the heterozygosity of a limber pine and the mean heterozygosity of her offspring is r = 0.45. Correlations in the horses range from r =0.16 to 0.32.
Introduction
Two generalizations characterize the pattern of transmission of genotypes at diallelic loci within randomly mating populations. Regardless of the allelic frequencies, half of the heterozygous offspring have homozygous mothers, and half of them have heterozygous mothers. Regardless of the genotype(s) of the father or fathers, heterozygous mothers produce 50 per cent heterozygous offspring. Here we add a third generalization by describing the expected correlation between the heterozygosity of randomly mating parents and their offspring. We derive a specific formulation for this correlation as a function of allelic frequencies, and we report correlations of individual heterozygosity between parents and their offspring in limber pine, Pinus flexilis, and from pedigreed horses of standardbred and thoroughbred breeds.
Theoretical expectations
A correlation between individual heterozygosities of parents and their offspring arises from the fact that, at most allelic frequencies, heterozygous parents produce *Correspondence higher proportions of heterozygous progeny than do homozygous parents. Consider a locus segregating 2 alleles, A and a, with frequencies p and q, respectively, in an infinite population with random mating and no selection. To simplify the exposition, we will consider the production of progeny genotypes from the perspective of the maternal parent. Homozygous mothers produce 50 per cent heterozygous offspring when allelic frequencies are p = q = 0.5, but at all other frequencies they produce lower proportions of heterozygous offspring. More precisely, the proportion of heterozygous progeny from heterozygous mothers is pq/(2pq) while the proportion of heterozygous progeny from homozygous mothers is pq/(p2 + q2). As allelic frequencies become increasingly unequal, the proportion of heterozygous progeny produced by homozygous mothers decreases.
The expected value for the correlation between offspring and parent heterozygosity, r0, can be derived most simply from the formulations of genotypic value, additive genetic variance, and dominance genetic variance (Falconer, 1989 
Figure 1 presents r0 as a function of q, and shows that the correlation is equal to zero only when p = q = 0.5, and that it increases to a maximum of r0 = 0.5 as allelic frequencies become increasingly unequal.
The expected correlation can be extended to M independent loci by recalling that VA and VD can each be summed across loci as follows:
where p is assigned to the allele with the higher frequency. Examination of a series of numerical examples revealed that a reasonable approximation of this correlation can be achieved by using the mean allelic frequency and the single locus expression for r0; this approximation was usually within 0.02 of the multilocus r0. The deviations are probably due to the nonlinear relationship between p and r. 
Materials and methods
Limber pine allozyme data are taken from a paternity analysis of an isolated stand of limber pine on the Pawnee National Grasslands, in northeastern Colorado. Individual heterozygosities were based on the following 10 polymorphic allozyme loci: phosphoglucomutase-2, uridine-5-diphosphoglucose pyrophosphorylase-1 and 2, 6-phosphogluconate dehydrogenase-1 and 2, malate dehydrogenase, phosphoglucose isomerase, shikimate dehydrogenase, peroxidase, and fluorescent esterase (Schuster, 1989) . All the loci in limber pine fit Hardy-Weinberg expectations. The Spearman rank correlation coefficient was used to test the null hypothesis of no association between parent and offspring heterozygosities. A total of 467 seeds was collected from the cones of 69 maternal trees, and data were analysed both as observations of maternal heterozygosity paired with the heterozygosity of one paired seed, and also with the mean heterozygosity of all seeds.
Allozyme data of horses are from samples submitted to Hardy-Weinberg expectations. Genetic analyses are based on 6-10 allozyme loci, with a mean of 9.6. The numbers vary because some loci were not examined when the samples were processed. Only individuals with data for at least six of these loci were included in the analysis. To accommodate the variable number of loci, the data were transformed to the proportion of loci heterozygous for an individual. Any data point, composed of the proportion of loci heterozygous for any two individuals, was trimmed first to the set of loci scored in both individuals. The Spearman rank correlation coefficient was used to test the null hypothesis of no correlation of heterozygosities in comparisons of foals and sires, foals and dams, sires and dams, and among randomly chosen foals. For each of the data sets, a simulation program was run to determine the expected correlation between parental and offspring heterozygosity. These simulations used the number of loci, the numbers of alleles, and the allelic frequencies in that particular data set. All loci were assumed to be independently assorting, and mating was random with respect to the genes of interest. For the data from limber pine, the simulation was run two ways, first to estimate the correlation between a maternal parent and a single seedling, then to estimate the correlation between a maternal parent and the mean of her seedlings. A population of 100 individuals was established with the aid of a random number generator by sampling a gene pool with the number of loci, the number of alleles, and the allelic frequencies observed in the population of limber pine.
Pollen haplotypes were established the same way.
Then, for each individual in the population, a randomly chosen gamete was extracted and joined with a randomly chosen pollen haplotype, producing one offspring from each individual in the population. The correlation between maternal and offspring heterozygosity was then calculated across the 100 parent-offspring pairs. This simulation was run 100 times to estimate the mean and the standard deviation of the correlation. The simulation to estimate the correlation between a maternal parent and the mean of her offspring established a pool of maternal parents as described above. However, rather than a single offspring for each parent, 10 offspring were produced by each parent; the correlation was then calculated between maternal heterozygosity and the mean heterozygosity of 10 offspring. In this simulation, each pollen haplotype was sampled independently, so that the offspring represent half sibs. This mating system is most appropriate for the population of limber pine in this study (Schuster, 1989) .
Results
The individual heterozygosity of embryos in limber pine seed is correlated with the heterozygosity of the trees that bear them. When the correlation is computed with maternal heterozygosity and the heterozygosity of one of her embryos, the Spearman rank correlation coefficient is r0.22 (N=467, P<0.001). When the relationship is tested between maternal heterozygosity and the mean heterozygosity of her embryos, the correlation is r,=0.45 (N=69, P<0.001). In the simula- In standardbred and thoroughbred horses, the heterozygosity of foals is positively correlated with the heterozygosity of both the sires and dams (Table 1) .
The correlation coefficients range from a low of 
Discussion
Although the correlations between heterozygosity of parents and offspring have been illustrated here with allozyme loci, they will be found at all diploid, nuclear loci; the relationship in Fig. 1 Theoretical studies of fitness determination suggest that, at loci whose variation is maintained by balancing selection, fitness increases with heterozygosity (Ginzburg, 1979 (Ginzburg, , 1983 Turelli & Ginzburg, 1983 ).
This general expectation has provided the incentive for numerous empirical studies of the relationship between individual heterozygosity, the number of loci from a sample for which an individual is heterozygous (Mitton & Pierce, 1980) , and various components of fitness (Zouros et at., 1980; Koehn & Shumway, 1982; Pierce & Mitton, 1982; Garton, 1984; Hawkins et at., 1986 Hawkins et at., , 1989 Rodhouse et at., 1986; Bush et at., 1987;  Danzmann et at., 1987; Diehl, 1988; Koehn et at., 1988; Gajardo & Beardmore, 1989; Ferguson & Drahushchak, 1990; Teska et at., 1990; Mopper et at., 1991; Pecon Slattery et al., 1991) . These studies reveal that fitness generally increases with heterozygosity (see reviews by Beardmore, 1983; Mitton & Grant, 1984; Allendorf & Leary, 1986; Ledig, 1986; Zouros & Foltz, 1987; Mitton, 1989 Mitton, , 1993 . Of course, if overdominance were present at a locus that influences relative fitness, then r0 for relative fitness would equal zero at equilibrium, when
